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INDUSTRIAL CONTROL IN THE FOUNDRY 

B Y R. H. MCLAIN 

ABSTRACT OF PAPER 
Most of the control devices which are required in a foundry 

do not differ very materially in their functions from control de
vices in other industries. However, they have to encounter an 
unusual degree of dirt. Proper enclosing cases and the latest 
types of safety protection are advantageous. The crane re
quires a special kind of control. The difference between alterna
ting-current control and direct-current control is discussed and 
it is shown that for most cases, where cranes are properly selected 
and arranged, there is no need of converting alternating current 
into direct current to accommodate foundry cranes. 

CONTROL apparatus in the foundry plays the same vital 
part as in other industries in regard to safety to operators, 

safety to apparatus and speed of production. Indeed safety 
to the operator and apparatus is important and profitable, not 
only for humanitarian reasons, but also as an aid in causing 
continuity and speed in production. Most of the controllers 
in foundries present problems which are no different from those 
in other industries, except rJossibly that there is more dirt in 
a foundry than elsewhere. Grinders, mixers, blowers, lifting 
magnets, etc. are the same in the foundry as elsewhere and 
really require no separate treatment. A foundry crane, how
ever, is different from other cranes, due to the requirement for 
a very uniform low value of creeping speed for certain opera
tions. Some new devices have been recently developed which 
have a peculiar relation to the foundry, such as electric weld
ing, electric furnaces, etc. It is the object of this paper to deal 
briefly with those types of control which resemble closely the 
control in other industries and to deal more fully with the 
theoretical side of crane control. 

Miscellaneous machines, such as blowers, grinders, mixers, 
dryers, conveyers, etc. require good substantial hand or auto
matic starters, capable of starting the apparatus a few times a 
day. The reliability of these controllers and the safety are 
greatly enhanced by enclosing them and thus protecting work-
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men from live parts, and also the controller from dirt. Figs. 1 
and 2 show simple hand and automatic starters provided with 
enclosing covers. Figs. 3, 4 and 5 show a recent development 
which has been brought about by the great attention which is 
now being given to safety. These illustrations show a totally 
enclosed self-starter with line switch, fuses and two contactors 
for automatic starting. The contactors are controlled by a 
push button station. The cover is so interlocked with the line 
switch that it cannot be opened at the bottom unless the line 
switch is open. The line switch cannot be closed unless the 
cover is closed. As shown in Fig. 3, the cover can be locked 
so that an unauthorized person cannot tamper with the fuses or 
other parts of the controller. As shown in Fig. 4, the cover 
can be locked in an open position so that the switch must re
main open and no power can be applied to the motor. This 
idea of enclosing all exposed live parts and providing maximum 
protection to workmen is gaining in popular favor every day, 
and I believe all controllers which are near workmen, especially 
those on cranes, where the operator is always close to the con
troller, should be thoroughly covered. 

Lifting magnets are very valuable in many of the larger 
foundries where large quantities of scrap or pig-iron have to 
be handled. As is the case with so many other devices, it seems 
that the control is the key to the situation here. In large mag
nets it is difficult and dangerous to disrupt the exciting current 
suddenly because the long induced arc burns up the controller 
parts, and the high induced voltage will ultimately destroy the 
insulation of the magnet winding. To overcome these objec
tions, a discharge rheostat is connected to the solenoids before 
the exciting circuit is interrupted. Of course, the discharge 
rheostat causes the magnet to be very slow about losing its 
magnetism, and consequently in releasing its load. Controllers 
are provided with a spring-return reverse point which gives, 
through preventive resistance, a partial reverse exciting current, 
so as to hasten the release of the load. Reverse excitation 
need not be used except where it is advantageous to gain time 
by so doing. 

The controlling devices used for arc welding equipments and 
electric furnaces are usually combinations of hand and auto
matic and are comparatively simple. 

Arc Welding. The standard arc-welding generator delivers 
power at from 60 to 75 volts, and the amount of current used 
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is varied by a rheostat in series with the arc. In small ca
pacities a dial switch is used and in large capacities knife blade 
switches give better results. 

In order to protect the generator against overloads and make 
it unnecessary for the operator to leave his work to close circuit 
breakers, an automatic protection is given by a series relay 
controlling a shunt contactor that normally short circuits a 
preventive resistance. When too much current is taken, the 
preventive resistance is connected in series with the arc and the 
operator is prevented from injuring the generator and disturb
ing other operators. 

Arc Furnaces. The use of arc furnaces in refining steel 
requires a constant power control which is obtained by a balanced 
current relay controlling contactors for starting, stopping and 
reversing the electrode motors. This control has advantages 
over devices formerly used, especially in comparative freedom 
from opening the main oil switch. A double-throw switch is con
nected in the control circuit whereby the control can be operated 
by hand on starting the furnace, and thrown over to automatic 
control as soon as the furnace reaches normal operating con
ditions. 

Electric Resistance Furnaces. In electric resistance fur
naces, operating at lower temperature, such as are re
quired for various kinds of heat treatments and melting non-
ferrous metals and alloys, a constant temperature control is 
used. This is accomplished by varying the voltage impressed 
on the furnace by taking advantage of the characteristics of the 
resistor which in this type of furnace decreases in resistance as 
the temperature increases, and vice versa. 

By manipulating a simple relay the contactors are arranged 
to connect the resistor to a low voltage when the current has 
increased to a certain point, and to a high voltage when the 
current has decreased in a similar way. The operation of this 
control equipment has been very successful, the chart obtained 
from a recording pyrometer giving practically a straight line. 

CRANE CONTROL 
The crane is the most important, as well as the most expensive, 

electrically-operated machine in a foundry, and consequently, 
a very careful, scientific study of the requirements should be 
made before selecting cranes. The distribution of heavy and 
light cranes over the floor should be made to suit the work. A 
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very good solution of this problem in a large foundry is to have 
large overhead cranes and small side wall traveling cranes, which 
serve as feeders to the large ones and which can pass under 
them. 

Maximum full-load hook speed, for which the motor is geared, 
is of vital importance. A careful analysis of the amount of 
work to be done and the delicacy of the operations sTiould be 
made, and the proper speed determined from this. It is clearly 
evident that a locomotive, geared to run at 60 miles per hour, 
would not pull uniformly or slowly enough when drawing a 
thin pattern from the sand, and furthermore this high speed 
would be of no advantage in increasing the output of the foundry. 
The temptation is always to make the speed as great as possible, 
but there are certain definite limits beyond which it is not 
advisable to go. Forty feet per minute is a speed which has 
met with very general favor on five-ton cranes, and even 60 
feet per minute is in use in at least one merchant foundry where 
every conceivable kind of work is done. Fifteen feet per minute 
is quite common on larger cranes. The only trouble on cranes 
geared for the higher speeds, is that at times a uniform creeping 
speed of some low value, around one to five feet per minute, 
must be obtained for drawing patterns, etc. With direct current 
it is not so hard to obtain this creeping speed, whereas with 
alternating current it is very hard unless the crane is geared 
for a slower speed than the direct-current crane. In either 
case, a well built crane, a good system of mechanical brakes 
and such other things, make a decided difference in the accuracy 
of control. However, with all other conditions equal, alternating 
current is at a disadvantage. 

I know of a case where a crane is designed to take care of 
only one kind of work, and when this crane was first proposed, 
40 feet per minute was, as a matter of course, chosen for the 
proper maximum hook speed. The crane was to be used 
for drawing very thin patterns and was to be driven by al
ternating-current motors. An investigation of the exact cycle 
of operation of the crane showed that a hook speed of 12 ft. per 
min. would do just as much work in a day as would 40 ft. per min. 
With this lower hook speed, alternating current was ideal in 
operation. Indeed, there are few cases where it is necessary 
to change the form of power from alternating current to direct 
current merely to accommodate foundry cranes, provided the 
crane itself is built properly, fitted with the proper mechanical 
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load brakes and the maximum full-load hook speed is of the 
correct value. 

On a crane running at 60 ft. per min., or less, a controller 
viewed from the standpoint of the operator, really needs only 
two points for hoisting and two points for lowering. The 
first point should give a uniform creeping speed regardless of 
the load, and would be used for performing delicate operations. 
The second point on the controller should give maximum speed, 
and would be used for making quick trips in transferring the 
material. Of course in ordinary commercial controllers more 
than two points of control are necessary in order to transfer 
the motor speed, without undue shock, from the creeping speed 

to the maximum speed and vice versa ; 
and there is no objection, from an 
operating standpoint, to having sev
eral such points of control. To obtain 
this desired form of control in a 
hoisting direction, a simple rheostatic 
controller can be used, because the 
torque on the motor depends directly 
on the amount of hook load, and the 
speed can be controlled simply by in
serting resistance in series with the 
armature, or into the secondary cir
cuits of a wound-rotor induction 
motor, thereby cutting down the speed 
to the desired point. However, for 
lowering loads, the tendency is for the 
load to make the motor run away, and 

it is necessary either to use dynamic braking control or to equip 
the crane with some form of a " mechanical load brake.'' This 
" mechanical load brake " is an automatic friction braking 
device which not only holds back against the falling hook load, 
but also requires power from the motor to drive it in a downward 
direction; consequently, in so far as the motor is concerned, 
the work and method of control for lowering is very much like 
the conditions when the hook is being hoisted, except that the 
torque required from the motor is practically constant regardless 
of the amount of load on the hook, whereas in hoisting, the torque 
depends directly upon the hook load. 

Fig. 6 shows the speed-torque curves of a wound-rotor induc
tion motor on the various points of a 12-point rheostatic contröl-

F I G . 6 — S P E E D - T O R Q U E 
CURVES OF W O U N D - R O T O R 
INDUCTION MOTOR WHEN 
CONTROLLED BY 1 2 - P O I N T 
RHEOSTATIC CONTROLLER 
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1er, arranged for foundry service. The object to be attained in 
laying out such a controller is to provide rheostats of sufficient 
value and also a sufficient number of controller points, so that 
as low a value of creeping speed can be obtained as is desirable 
or necessary for whatever range of torque values the motor will 
encounter. This particular controller is so arranged that for 
any value of torque between 18 per cent and 200 per cent, 
a point can be found on the controller which will give a speed 
of about 25 per cent or less. By using a larger number of 
controller points, the value of creeping speed could be kept still 
lower. In fact, from a strictly theoretical standpoint, by using 
an infinite number of points, any desired creeping speed of a 
uniform value could be obtained. However, under practical 
conditions, there are certain limitations to the benefit which could 
be thus obtained. 

The slip of a motor for a given torque varies on each of these 
controller points inversely as the square of the line voltage, 
and this element alone upsets theoretical results. Furthermore 
when the gearing of a crane is revolving at low speed, the torque 
required on the motor is not absolutely uniform but varies 
sometimes with à slight eccentricity of some part, or as the 
gear teeth mesh in and out. The resistance elements change in 
value with temperature. Furthermore, there is always consid
erably more torque required in order to break static friction when 
starting the load than is later required to hoist it. All of these 
variable quantities tend to produce a non-uniform creeping speed 
on this form of motor; consequently for an operator to maintain 
a uniform—or practically uniform—creeping speed, it is necessary 
for him to be continually passing the controller from one point 
to another. Under such conditions, the advantage to be ob
tained in having a very large number of points disappears, and 
it becomes more important that a controller be provided whose 
design is so substantial and positive that the controller _ itself 
does not introduce any more variables into the system than al
ready exist. The resistance material should be made ample 
in quantity so as not to change its ohmic resistance appreciably 
due to temperature; and the controller handle should be so 
made that its movement is relatively large in proportion to the 
amount of change in motor speed which it produces. 

With a controller arranged as is shown in Fig. 6, and provided 
with large travel of handle and substantial type of resistance, 
it is easily possible to handle, on a well designed crane, any 



1915] McLAIN: FOUNDRY CONTROLLERS 593 

kind of foundry work for maximum hook speeds up to something 
like 40 to 60 ft. per min. However, a great dealof care would 
be required from an operator to obtain the desired uniformity 
of speed control when trying to maintain a speed of around 
10 per cent. On account of this, it is not advisable to use such 
a high maximum hook speed where a large percentage of the 
time is spent in maintaining such a creeping speed. In a large 
number of merchant foundries there is, of course, only a rare 
necessity for having extreme low speeds and at all other times 
the high maximum speed is of great advantage. 

I have made a few calculations which show, in definite fig-
.ures, how quickly an operator is required to turn his controller 
from one point to another in order to keep the speed down to 
a low value. 

Assume a load requiring 100 per cent torque from the motor 
for hoisting, but as is usually the case, assume that 25 per cent 
extra torque is required to break static friction. It will, there
fore, be necessary to turn the controller to point seven, Fig. 6, 
before the motor will start. The motor will accelerate to 30 
per cent of normal speed if the controller is left on this point. 
The area ABC represents the value of torque available for 
accelerating. If we assume that 100 per cent of the motor 
torque would be required to accelerate the load, crane and motor 
parts to full speed in one second, we have the following speed-
time curve: 

5 per cent speed in 0.128 seconds, 
10 " u " 0.284 * " 
15 « " " 0.484 
20 " " " 0.774 " 
25 " " " 1.224 " 

Since it is an easy matter for a trained operator to act in less 
than 0.2 seconds, the operator will have ample time to -turn back 
to point 6 before the speed reaches more than Ί\ per cent. The 
hook would then proceed at a uniform speed of 5 per cent on 
point 6. The above statements, of course, presuppose absolute 
uniformity of supply voltage and frequency, also uniform torque 
requirements from the motor. 

In order to compare operation with an infinite number of 
points as against a definite number of points, I have drawn 
in the dotted line between point 6 and point 7 (6 | ) . This re
presents the speed-torque curve which gives exactly the correct 
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value of torque to start the load, viz. 125 per cent. On such 
a point, we would have the following speed-time curve: 

5 per cent speed in 0.218 seconds, 
10 " " " 0.514 
15 " " " 1 014 

It will be seen that on this point, the motor would attain a 
uniform speed of 20 per cent unless the controller was turned 
back to a position corresponding to point 6, and it is, therefore, 
evident that there is no particular, advantage in having an 
infinite number of points unless perhaps it gives the operator 
a little bit more time in which to act. However, unless such a 
controller is so constructed that the travel of the handle, corre
sponding to a change from one torque curve to the other, is 
large, such an advantage immediately disappears. Since the 
total travel of the controller handle is necessarily limited to 
that which is convenient for an operator's hand, the limit to 
the advantage of adding to the number of controller points is 
quickly reached. 

A third speed-time curve has been calculated for a condition 
of load that requires 50 per cent of the motor torque. Under 
this condition with a static friction requiring 6 2 | per cent to 
start, point 5 would have to be used and the speed-time curve 
would be as follows: 

5 per cent speed in 0.18 seconds, 
10 " " " 0.39 " 
15 " " " 0 . 6 4 a 

20 " " " 0.95 
25 " " * 1.37 " 
30 u « " 1.99 u 

It will be seen that the operator will have ample time to turn 
back to point 4 before a speed exceeding 1\ per cent is reached. 
In this case he would have to jog along between points 3 and 4 
in order to maintain a speed less than 1\ per cent. As stated 
in the paragraph above, all of these calculations presuppose 
that several factors remain constant, whereas in fact these 
factors do not remain constant, and for this reason a great deal 
of skill and attention is required of an operator in order to main
tain a speed as low even as 10 per cent. 

When a direct-current, series-wound motor is used, speed-
torque curves as shown in Fig. 7 can be obtained by rheostatic 
control in exactly the same manner as is shown for alternating 
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current in Fig. 6. A typical case would be represented by a 
controller which would provide curves, point 1, point 2, point 3, 
point 4 and point 5, and with such a controller the same diffi
culty in maintaining a creeping speed would be encountered as 
with alternating current,—that is to say, such a controller would 
begin to introduce some difficulties in operation when used for 
a maximum hook speed of greater than about 15 ft. per min. 
However, if instead of point 1 we arrange for point A by con
necting some resistance in parallel with the armature and some 
resistance in series with the armature and field, then it is a very 
simple and easy matter to obtain the desired creeping speed. 
In Fig. 7, point A is obtained by arranging the resistance so 
that at standstill 170 per cent of normal current flows from the 

line through the series field, and of this 
current, 136 per cent of the normal 
current flows through the armature; 
whereas when the motor is running with 
no torque at all, the voltage across its 
armature will be held down to 27 per 
cent of normal voltage by means of the 
shunted resistance across the armature. 
Curve point A shows that with a load 
requiring 100 per cent torque from the 
motor for hoisting and not over 1374 
per cent torque to break static friction, 
a creeping speed of 7 per cent of normal 
speed can be obtained. On 50 per cent 
load, a creeping speed of 16 per cent 

can be obtained. If necessary, another curve lower in value 
than point A can be provided. This curve shows clearly two 
marked advantages for the direct current over the alternating 
current. First, a lower value of creeping speed can be ob
tained, and second, no especial skill or attention is required 
of the operator in order to obtain it. The controller is simply 
turned to the first point and left there without further attention. 

As mentioned in the first part of this paper, it is required for 
lowering either that a mechanical load brake be provided or 
that dynamic braking be used. Of course on an alternating-
current motor it is possible to obtain regenerative braking— 
that is, when the motor is driven above synchronous speed it 
acts as a generator and retards the driving lpad. Such a motor, 
equipped with a substantial solenoid brake, would give desired 
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maximum speed control of the crane, but would not give desired 
creeping speed control. With direct current it is possible to 
connect the motor for lowering so that any desired speed can be 
obtained uniformlly. Fig. 9 shows the connections of a controller 
arranged to give dynamic braking for lowering. Points 1 ,2 ,3 ,4 
and 5 in Fig. 7 show the speed-torque curves on points 1, 2, 3, 4, 
and 5 of the hoisting side of this controller. Points 1, 2, 3, 4, 
5 and 6 in Fig. 8 represent the speed-torque curves on points 
1 to 6 respectively on the lowering side of this controller. These 
latter curves show that when torque is required of the motor to 
drive the load downward each point of the controller will give 
a certain amount of torque; whereas should torque be required 
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to hold back a falling load, this same point on the controller 
will give this required torque at a slightly higher speed. Con
sequently there is no danger of the load running away on any 
point. 

Reviewing the above paragraphs, I would conclude by saying 
that for foundry service a careful arrangement of cranes should 
be made to accommodate the work in the best possible manner. 
The maximum hook speeds for the cranes should be chosen care
fully and scientifically. For maximum hook speeds of 15 
ft. per min. and less, ordinary rheostatic controllers are prac
tically always suitable without very special precautions being 
taken to adapt them for foundry service. For maximum hook 
speeds above 15 ft. per min., it is sometimes necessary tp go to 
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special arrangements. On direct current, a convenient method 
is to use a shunting resistance across the armature for obtaining 
creeping speed. For alternating current, it is necessary to pro
vide a larger number of controller points and sufficient resistance 
to reduce the torque at starting to about 25 per cent of normal 
torque. While it is true that direct current gives a nicer and 
more convenient control for creeping speeds, yet alternating 
current provides good enough control for practically all cases. 
Where a foundry is large enough to admit the use of several 
different cranes, each having a different value of maximum 
hook speed, the shortcomings of alternating current disappear 
altogether in most cases. Even where only one or two varieties 
of cranes are used in a foundry alternating current may give 
entire success, provided most of the creeping speed work re
quires not less than 25 per cent of normal speed and only a 
small portion of the creeping speed work requires as low as 
10 per cent of normal speed. The success of this latter arrange
ment depends largely on the excellency of the mechanical load 
brake, solenoid brakes and gearing which are furnished with the 
crane. Where alternating-current power is supplied by a power 
company, it is, therefore, rarely necessary to go to the extra 
expense of converting this power into direct current so as to 
accommodate foundry cranes. 

As a basis of recommendation I would present, for the con
sideration of those present, the statement that alternating 
current is acceptable when used.with a well built crane, a good 
solenoid brake and a good. mechanical load brake under either 
of the following conditions: 

First (a) When not less than 25 per cent of maximum geared 
speed is required for delicate operations. 

(b) When torque to break static friction does not exceed 
running torque by more than 33 per cent: or 

Second (a) When not less than 10 per cent of maximum 
geared speed is required for delicate operations. 

(b) When torque required to, break static friction does not 
exceed running torque by more than 25 per cent. 

(c) When the time used up in performing delicate operations 
does not occupy more than 5 per cent of the total time of the 
operator. 

I hope that the above statements will bring forth enough 
discussion to settle on rules which can serve as a guide. 


